Cohort profile

AbstrACt
Purpose The Comparative Outcomes And Service Utilization Trends (COAST) Study in British Columbia (BC), Canada, was designed to evaluate the determinants of health outcomes and health care services use among people living with HIV (PLHIV) as they age in the period following the introduction of combination antiretroviral therapy (cART). The study also assesses how ageassociated comorbidities and health care use among PLHIV may differ from those observed in the general population. Participants COAST was established through a data linkage between two provincial data sources: The BC Centre for Excellence in HIV/AIDS Drug Treatment Program, which centrally manages cART dispensation across BC and contains prospectively collected data on demographic, immunological, virological, cART use and other clinical information for all known PLHIV in BC; and Population Data BC, a provincial data repository that holds individual eventlevel, longitudinal data for all 4.6 million BC residents. COAST participants include 13 907 HIV-positive adults (≥19 years of age) and a 10% random sample inclusive of 516 340 adults from the general population followed from 1996 to 2013. Findings to date For all participants, linked individuallevel data include information on demographics, health service use (eg, inpatient care, outpatient care and prescription medication dispensations), mortality, and HIV diagnostic and clinical data. Publications from COAST have demonstrated the significant mortality reductions and dramatic changes in the causes of death among PLHIV from 1996 to 2012, differences in the amount of time spent in a healthy state by HIV status, and high levels of injury and mood disorder diagnosis among PLHIV compared with the general population. Future plans To capture the dynamic nature of population health parameters, regular data updates and a refresh of the data linkage are planned to occur every 2 years, providing the basis for planned analysis to examine ageassociated comorbidities and patterns of health service use over time.
IntroduCtIon
The introduction, widespread use and effectiveness of combination antiretroviral therapy (cART) since 1996 has led to marked improvements in the health of HIV-positive individuals and has contributed to a significant increase in life expectancy. [1] [2] [3] [4] As a result, HIV infection, which was once considered a fatal diagnosis, is now increasingly viewed as a chronic condition that can be managed effectively with lifelong use of cART. 5 The population of ageing HIV-positive individuals is growing; in the USA, individuals over 50 years of age are estimated to make up over half of all people living with HIV (PLHIV). 6 7 Ageing PLHIV may be at heightened risk for a number of chronic comorbid conditions, such as cardiovascular diseases, non-AIDS-defining cancers strengths and limitations of this study ► A key strength of the COAST Study is its populationbased nature and the large sample size inclusive of all known HIV-positive adults in BC (n=13 907) and a 10% random sample of the general population of BC as a comparison group (n=5 16 340). ► The COAST Study was based on an extensive data linkage between multiple population-level databases. ► COAST is situated within a universal health care setting, thus potential biases that typically result from differential access to health care services are minimised. ► Some of the data in COAST are based on administrative health data which can be prone to incomplete coding; therefore, common limitations associated with the use of such data for research remain.
Open Access and other end-stage organ diseases. [7] [8] [9] This increased risk has important implications in terms of managing HIV infection alongside other comorbid conditions. 10 study rationale and aims Within the cART era-defined as starting in the year 1996 when cART became available-there is limited understanding regarding the impact of long-term cART use on ageing and age-related comorbidities among PLHIV. It is unclear how ageing with HIV infection will affect future patterns of morbidity and mortality among this population, and how this may consequently impact their patterns of health care use. For these reasons, we designed a longitudinal, population-based study-the Comparative Outcomes And Service Utilization Trends (COAST) Study-comprising a cohort of PLHIV and a comparative cohort based on a random sample of the general population of British Columbia (BC), Canada. The study aimed to: (1) evaluate the determinants or predictors of health outcomes and health care services use among HIV-positive men and women and how this relates to cART; (2) model the complex interaction between HIV and comorbidities to forecast the future health and economic impact of ageing with HIV; and (3) assess how health outcomes and health services use may differ between PLHIV and the general population from within the same health care system.
Cohort desCrIPtIon study setting, data sources and available data The COAST Study is based on a unique data linkage performed between two provincial data sources in BC, namely, the BC Centre for Excellence in HIV/AIDS (BC-CfE) Drug Treatment Program (DTP) and Population Data BC. With a mandate from the government of BC, the BC-CfE's DTP centrally manages the distribution of cART to all PLHIV across BC. 11 To monitor the trajectory of HIV disease and HIV-related outcomes, this programme prospectively collects data on cART use, demographic characteristics, immunological and virological outcomes, as well as other clinical characteristics (eg, hepatitis C co-infection and AIDS-defining illnesses) for all PLHIV accessing cART in BC. It is noteworthy to mention that all HIV care, including cART, laboratory and medical care, is provided free of charge to all PLHIV residing in BC. Population Data BC is a provincial repository that houses health administrative data collected by public bodies such as the BC Ministry of Health (BC-MoH), and contains an extensive range of individual-level, deidentified, longitudinal data for all 4.6 million BC residents.
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In BC as well as other provinces across Canada, each individual that uses any government-funded health care service is identified by a unique identifier, or the personal health number (PHN) as it is called in BC. PHN, which is available to all BC residents at birth or through immigration, is a unique lifetime identifier used to track individuals' encounters with the health care system and thus, their health care services use for the duration of residency in BC. 20 Detailed information about these data sources is provided in table 1. Based on the linkage, the available data in COAST include information on sociodemographic characteristics (eg, age, sex, neighbourhood information, health authority region); health care system encounters and other episodes of health care service use (eg, public health insurance registration data, inpatient and outpatient visits, and non-cART prescription medication dispensations including those covered by the BC public drug insurance programme (PharmaCare), as well as all dispensed medications in BC (PharmaNet)); mental health data; mortality data (centrally collected across BC); cancer-specific and HIV-specific data available through the BC Cancer Agency and BC-CfE (for PLHIV only), respectively. Within the COAST Study, data on diseases and other health outcomes such as injury can be assessed longitudinally using a combination of International Classification of Diseases (ICD) version 9 (ICD-9) and version 10 (ICD-10) diagnostic codes and prescription drug data (including the drug identification number, anatomical therapeutic chemical code), reflecting the specific health or disease state.
CoAst Cohorts
Although the data used in creating the COAST Study (ie, data from the BC-CfE DTP and Population Data BC (including a collection of several data sources)) are collected longitudinally, the COAST Study follows a retrospective cohort study design. Open Access study follow-up to include more current years and additional data.
We defined loss to follow-up as no record of contact with the health care system as captured through an encounter or service event (eg, MSP registration and/or claim, hospitalisation or an HIV-related clinical test) within 18 months of the study cut-off date (currently 31 March 2013), in which case the individual's end of follow-up date corresponds to his/her last contact date. Deaths were not classified as loss to follow-up as all cohorts were linked to BC Vital Statistics Agency mortality data, 18 containing information on all registered deaths in the province. In terms of the study's inclusion criteria, individuals become eligible for inclusion in the COAST Study if they reside in BC, have a PHN and are aged 19 years or older at either baseline or during the study follow-up. Details specific to the formation of the two COAST cohorts are described below.
hIV-positive cohort creation
We identified potential individuals for inclusion in the HIV-positive cohort through the BC-CfE DTP registry, with supplemental review of eight databases from Population Data BC (table 1) . As a first step, we included all age-eligible individuals in the HIV-positive cohort if they had a record of at least one detectable HIV plasma viral load and/or have initiated cART (ie, individuals were contained in the BC-CfE DTP registry). In a second step, using ICD-9 and ICD-10 codes, we identified additional individuals for potential HIV-positive cohort inclusion by flagging those with at least one record of having received care for an HIV-related or AIDS-related medical condition or death through a review of supplementary administrative data sets in the databases described in table 1. This case identification of potential HIV-positive individuals was enabled through the use of the following ICD codes: ICD-9 codes 042, 043, 044, V08, 795.71, 795.8; ICD-10 codes B20, B21, B22, B23, B24, R75, Z21; and ICD-10-CA codes B20-24, R75, Z21. These codes represent health states that are indicative of HIV infection. To distinguish true HIV-positive cases from those that may have been misclassified in the group of potential PLHIV identified through the administrative data sets, a validated HIV casefinding algorithm-an additional criterion of at least one inpatient and/or three or more outpatient ICD-9/10 codes associated with HIV/AIDS-was applied. 21 22 General population comparison cohort creation Within Population Data BC, the Consolidation File is the central demographics file and contains basic demographic information such as age, sex and geographical location of residence for all individuals who are eligible to or who receive health care services in BC. 14 We used this file to identify participants from the general population to serve as the comparison or control cohort. Specifically, to create the general population comparison cohort, a 10% random sample of persons from the demographics file was generated from a combined pool of distinct individuals with unique PHNs in the general population of BC meeting the age criterion (≥19 years) from the fiscal years 1996/1997 to 2012/2013. A computer-generated simple random sampling technique was executed to draw the 10% random sample. A small number of HIV-positive individuals was randomly drawn and this allows us to further separate this cohort by serostatus and to perform analyses that compare PLHIV (ie, the HIV-positive cohort) to either the general population or to HIV-negative individuals, depending on the research question of interest. Open Access study participants and follow-up The COAST cohort creation process and the final composition of the two cohorts is described schematically in figure 2 . In brief, the COAST Study, which is population-based in nature, includes 528 859 unique individuals of whom 13 907 (2.6%) are HIV-positive. The median follow-up time (lower quartile (Q1), upper quartile (Q3)) is 7.1 years (2.6, 13.2) and 12.4 years (4.8, 16.9), for the HIV-positive and general population comparison cohorts, respectively. Table 2 provides a descriptive summary of the demographic composition and key characteristics of the study cohorts. The majority of individuals in the HIV-positive cohort were men (80%) and the median age at entry into the study is 38 years (32, 46) . About a quarter of the individuals in this cohort had no record of cART initiation during the current follow-up of this study. The general population comparison cohort includes 516 340 individuals, 50% of whom were men. The median (Q1, Q3) age at baseline for this cohort is 35 years (23, 48). Figures 3 and 4 graphically highlight the distribution of the study cohorts stratified by age and sex. As is shown in these population pyramids of individuals alive in 2013, there were considerably more men in the HIV-positive cohort than in the general population cohort. This population characteristic of the HIV-positive cohort is consistent with the demographic composition of the HIV epidemic in BC and across Canada. 23 24 The male-to-female ratio in the general population comparison cohort was approximately 1, but as expected, the proportion of men surviving to older ages (>70 years) was relatively lower compared with women.
data linkages
Data linkage allowed us to link records belonging to the same individual across multiple data sources and over time. In terms of the process, data linkages were performed by matching individuals in the two COAST cohorts to BC-MoH registries and other administrative data sets through established linkage techniques Open Access including manual, deterministic and probabilistic matching. Following linkage, the identifying data used for the linkage process were separated from the content data and the final deidentified data for research purposes were assigned with new non-identifying record IDs. Although the final linked data were deidentified and void of any identifying information, personal identifiers such as an individual's name, date of birth and unique PHN were used to facilitate the linkage process. The data linkage was executed by Population Data BC and approved by data stewards representing the various data providers, namely the BC-CfE, BC Cancer Agency, BC-MoH, BC Vital Statistics Agency and PharmaNet. Extensive detail on the data linkage process has been described by Population Data BC. 25 Partner cohort studies COAST has two partner cohort studies with overlapping goals and objectives and coordinated within BC-CfE. These two studies (Highly Active Antiretroviral Therapy (HAART) Observational Medical Evaluation and Research (HOMER)) cohort, and the Seek and Treat for the Optimal Prevention of HIV/AIDS (STOP HIV/AIDS) cohort) which have been described extensively elsewhere, 26 27 use robust clinical data from the BC-CfE DTP registry to evaluate mortality, prognostic-related and treatment-related outcomes among HIV-positive individuals with the goal of informing treatment priorities and therapeutic guidelines among those living with HIV. Similar to COAST, the STOP HIV/AIDS Study also involves linkage to other provincial administrative databases to examine health care delivery indicators and evaluate the cascade of care and population-level effect of cART expansion. COAST is however more expansive in scope and has in addition to the HIV-positive cohort, a comparison cohort of over half million members of the general population. Furthermore, unlike HOMER that includes only cARTnaïve participants, 26 and STOP HIV/AIDS that includes HIV-positive individuals aged 18 months and over, 27 the COAST Study focuses primarily on HIV-positive adults irrespective of cART initiation, and the general population, to better understand health outcomes, health service use and long-term trends associated with HIV and ageing. cART, combination antiretroviral therapy; NA, not applicable; Q1, 25th percentile; Q3, 75th percentile. *This cohort includes 1388 known HIV-positive individuals who were randomly drawn when the cohort was created. Depending on the research question, the HIV-positive individuals in this cohort can be excluded to have an HIV-negative cohort. †Baseline is defined as the date of known positive HIV serostatus (if participant is HIV-positive) or the date when the age eligibility was met (≥19 years of age), whichever came second, and a confirmed record of registration with the Medical Services Plan (MSP), the British Columbia (BC) public health insurance programme. ‡Refers to the provincial health care authority/jurisdiction where participants resided at latest known address. §An individual is lost to follow-up when there has been no record of contact with the health care system as captured through an encounter or service event (eg, MSP registration and/or claim, hospitalisation, plasma viral load test, etc) for at least 18 months prior to the end of the study cut-off date (currently 31 March 2013), in which case the individual's end of follow-up date corresponds to his/her last contact date.
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Findings to date
In terms of research outputs, several investigations are currently underway or have already been completed since the data linkage and creation of the COAST Study in 2015.
During the current follow-up from 1996 to 2013, a total of 3505 (25%) and 49 031 (9%) individuals died in the HIV-positive and general population comparison cohorts, respectively. Regarding loss to follow-up, we observed the following: during the nearly 17 years of follow-up, approximately 11% and 17% of individuals have been lost to follow-up in the HIV-positive and general population comparison cohorts, respectively. These estimates are comparable to those reported in other major HIV cohorts. 28 When we looked at the last 3 years of the study (1 April 2010 to 31 March 2013), approximately 3% of participants were lost to follow-up in both groups.
The completed studies using the COAST data have been published in peer-reviewed journals and covered a range of health-related research topics with important clinical and policy relevance. One study examining health-adjusted life expectancy among adults with and without HIV sought to understand whether morbidity experienced by HIV-positive individuals on cART was compressed in the last years of life or lessened as people age. 29 Results from this study found little differences in levels of morbidity compression by HIV status. However, PLHIV, notably women living with HIV, appeared to experience less time in a healthy state compared with those in the general population. Another study investigating the rates and predictors of injury within the COAST cohorts found that there were significantly higher rates of intentional and unintentional injury among HIV-positive individuals compared with the general population. 30 We have also characterised the changing patterns in mortality rates and causes of death among HIV-positive and HIV-negative individuals in the period since the introduction of cART in 1996. 31 This study found significant reductions in mortality among HIV-positive individuals in the period from 1996 to 2012. In particular, a reduction of over 90% in mortality rates from HIV-related causes was observed when rates in 1996 were compared with those in the 2011-2012 era. However, this study also pointed to the rise in mortality from comorbidities, such as non-AIDS-defining cancers, which were found to be Open Access currently the leading non-HIV-related cause of death in both HIV-positive and HIV-negative individuals. More recently, another publication by our group presented evidence demonstrating higher rates of mood disorder diagnosis among HIV-positive individuals compared with the general population. 32 These publications using the COAST Study data, including several others in development, will provide additional understanding around these topics and contribute to important gaps in the literature.
dIsCussIon
The COAST Study is uniquely positioned to characterise, compare and forecast future health outcomes and health care service use in a population-based cohort of HIV-positive individuals as compared with those observed in the general population. Unlike other observational studies of HIV-positive individuals that lack a comparison group, we will be able to include additional data from the general population comparison cohort to document differences in ageing-related and disease-related outcomes between PLHIV and the general population over time. This will potentially help to identify and better examine key determinants that may help explain differences in health outcomes and trends in health care service use between PLHIV and the general population. Given that many comorbid conditions have overlapping aetiologies in both HIV-positive and HIV-negative individuals, 33 this kind of comparison with the general population is becoming increasingly common in chronic disease studies, [34] [35] [36] and can help identify morbidity and mortality gaps in PLHIV relative to the general population. Our hope is that this information will ultimately inform polices to guide treatment, management and service provision for ageing HIV-positive individuals in this province and elsewhere. Apart from the regular data updates and refresh to the linkage planned to occur every 2 years, future analysis will determine the validity of algorithms derived from administrative health data to identify chronic conditions and examine age-associated comorbidities and patterns of health service use over time among PLHIV and the general population. To date, the COAST Study has already established its value through Open Access key findings that demonstrate differences in health states according to HIV status, including highlighting the changes in the causes of death since cART's introduction among PLHIV. [29] [30] [31] [32] strengths and limitations There are several features of the COAST Study that reflect the study's strengths. First, the large sample size, population-based nature and representativeness of the study cohorts are all important elements of the study. In particular, the large sample size will allow us to assess small but potentially important differences in the outcomes of interest in the respective cohorts. Second, the HIV-positive cohort includes the vast majority of all known PLHIV in BC since our HIV case ascertainment method involved identification of clients from the BC-CfE registry combined with the use of a validated HIV case-finding algorithm to identify additional individuals from health administrative databases. The validated HIV case-finding algorithm helped reduce the risk of potential misclassification and increased our capacity to correctly identify true HIV-positive cases in these databases. 22 Third, our use of a large comparison cohort of the general population comprised of individuals from within the same health care system as the HIV-positive cohort helps to minimise selection bias that can be introduced by using an external comparison group. The over half million unique participants that make up the general population comparison cohort were recruited across the time horizon of the study through a random selection process that implements the age eligibility criterion to ensure that the minimum age limit of this group is comparable to that of individuals in the HIV-positive cohort. Fourth, the cohorts within the COAST Study comprise individuals that access a publicly funded health care system-one that provides universal coverage for medically necessary health care services based on need rather than the ability to pay. Moreover, in BC, cART and related laboratory monitoring and medical care are fully subsidised, without any co-payments or deductibles, which are present in some other Canadian jurisdictions or elsewhere in the world. Therefore, potential biases that could result from differential access to health care services are minimised. Finally, the centralised nature of cART distribution in BC, which is managed by the BC-CfE DTP, 11 is unique and has created an environment to facilitate population-based monitoring and evaluation of HIV-positive individuals' health outcomes and response to cART on a population-level basis. This feature of the BC-CfE DTP registry and the longitudinal follow-up of the study ensures additional opportunities for data capture and, consequently, low attrition rates. Taken together, this unique environment has consequently enabled the kind of data linkage across many registries and databases that we have performed with Population Data BC to facilitate a study of this nature and magnitude.
It is important to also highlight the limitations of the COAST Study. Importantly, our study did not have access to documented HIV testing data from the BC Centre for Disease Control (BC-CDC). However, as 95% of individuals who tested nominally within the BC-CDC are also BC-CfE clients (BC Centre for Excellence in HIV/AIDS, Internal Data (2015)), we believe that we have captured most of the remaining 5% through the BC-MoH records within Population Data BC through the aforementioned methods. We should note that although we believe we have captured the remaining 5%, it would be useful in future updates to discern the validity of these cases by looking at laboratory markers such as CD4 cell count in addition to viral load. We are also limited in our ability to ascertain out-of-province events and to consistently identify Indigenous individuals who have been shown to be disproportionately affected by HIV, 37 which will limit the type of analyses we can perform. Our assessment of specific HIV transmission groups, like people who use drugs and gay, bisexual and other men who have sex with men is limited by ascertainment of these groups by the BC-CfE. Additionally, administrative data can be prone to incomplete coding meaning that common limitations (eg, misclassification of exposures or outcomes) associated with the use of such data for research remains. The algorithm currently used in COAST to ascertain comorbidities associated with HIV is based on systems put in place by other studies and by a thorough review of these coding systems by a group of researchers associated with the study. Even though these deliberations are thorough, they are prone to misreporting and misclassifications of these exposures. In the future, we hope to validate many of these exposures in a series of small studies. Although loss to follow-up is a common concern in cohort studies, we were able to minimise loss through extensive data linkages across multiple data sources. Finally, since the absence of unmeasured confounding cannot be completely ruled out in observational studies such as this one, associations drawn from the study cannot be viewed as causal.
ConClusIon
In summary, COAST is a robust population-based cohort study that was created within a fully subsidised health care setting and is ideally suited to investigate health outcomes and health care resource use among ageing HIV-positive individuals and the general population. COAST provides an important and unique avenue to better understand the association between cART uptake and health trends among PLHIV over time by employing a longitudinal comparison with the general population as a natural reference. Ongoing and future analyses using the COAST Study data will provide unique insights and empirical evidence to inform health policymakers' and HIV service providers' effort to better design programmes, devise and implement strategies and interventions to facilitate a more effective and efficient use of health care resources with the overall goal of improving population health outcomes.
